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(57) A iead-acid cell or battery includes positive 
pfatos made from a Jead-based alloy uontaining calcium, 
tin, and silver In amounts selected bat^i^d upon the type 
of application and Ihc plate fabrication method utiiized, 
eiarting. lighting and Ignition battery gride beJng directly 
cast and having calcium present In an amount of 0.03% 
to 0.050%, tin in an amount of 0,65% to 1 .25%, and sil- 
ver in an aniounl of from 0.018% to 0.030%, and Iho 
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grids used In Sealed, lead-acid cells comprising, when 
mads by gravity casting, from about 0.035% to 0.055% 
calcium, 0.95% to 1 .45% tin, and 0.01 8% to 0.030% sli- 
ver, and. when made by continuous strip casting, catel- 
um In the range of Irom 0.030% to 0.060%. tin in the 
range ol from 0.95% to 1 .25%, and elfver in the range 
of from 0.017% to 0.030%. all of the alloy percentagee 
being ba&sd upon the total weight of tha grid. 
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Doeerlptton 

^nHl!*!^''^'*?^!!!'^'^^!^'' lead^cld batt^rtes and. morepartfcularly. togridsand plates used In making such baaeries 
and to the method of making such grids and plaies. 

BACKGROUND OF THE INVENTION 

Ovei-tho last 15 to 20 years or so. there has been substantia! fnterest in aulomotlve-type, fead^cid batteries which 
requrre. c«nice In service. Jittle. or mora desJmbly, no further malnTenanco throughout the expected life of the batterv 
This type battery is usuaUytenneda -lowmalnienance'or -maintenanoe^reebanery. Thetermlnoloay mafmenanoe- 
ree ^«efy >MIJ be used herein to mdude iow maintenance baneries ae well. This type of battoiy was ffi^ commercially 
introduoed In about 1 972 and is currently in widespread use. mBrciaiiy 
A considerable amount of attention over the years has been given to the typo of alloys used for manufaoturina 
positive and negative grids in such maintenance. free batteries. When maintenance-froo baneries were flr«l commer- 
ciaDy introduced, the conventional automotive lead-acid baUery nomiaily used gride made from anlimony^d alloys 
in which the antimony content ranqed from about 3-4.6% by weight of the alloy oomposilion. Such alloys wore oapable 
of being commercially produced at acceptable rates Into-battery gride by the gravity casting production techniques 
then widely used. Moreover, the batteries made using gride of such alloy compositions had desirable deep discharoe 
cycling characteristics. p 

However, such high antimony content lead-based alloys couid not be used In gride In menilenance-f f©e batterfd6. 
Thus, the use of such high antimony content alloys resulted In the batteries having undesirable higher gaeeing, higher 
eelf^ischarge on stand, and higher attendant water loss characterlsllcs. in other words, battariofi wtth grids made from 
such alloys accepted high end of charge current during conalant voligge overcharge so thai excessive gao generation 
occurred. Accompanying this gas generation was loss of water from the battery electrolyte. 
» The aeslgnoe of the present invention and Its prodeceseors In interest have been in the forefront of research 

relating to alloys and maintenance-free batteries. Among the patents relating to this subject are ihe fdllowinfi U S 
Patents: 4,006,035; 4.007.056: 4,166.155 and 4.455,579. 

Much commeroial Interest has centered around the use of calcium-tin-lead alloye for use in making grids fbr main- 
tenance-free batteries. The calcium content in such alloys for positive grids has varied aeneraJJy from about 0.06 to 
about 0. 1 % by weight of the alloy while the tin has generally ranged from about 0. 1 up to 0.8% and even more. More 
typically, the calcium content in such alloys when uead for making malntenanc84ree battery grids hae been at least 
about 0,08% by we^ht or more. 

Other commercfei Interest for maintenance-f reo banery grids has been directed to the uee of "tow arrtfrnony' iead^ 
based alloys, viz.. alloys containing antimony contents of aboul i to about 2,5%, more typfcally about 1.5% or ©a Uae 
3S of such low anilnf>ony alloys geneialiy required the need to add other alloying Ingredients sfrieo auch low antimony 
alloys were not capable oH being made into grids at acceptable rates under normal production conditions. 

Other approaches for grid alloys in maintenance-free batteries have included tha Ude ol tiybrld" alloy Systems. 
Most typfcaliy. a low antimony lead-based alloy is used as the alloy for the poshiva grids while an antimony-free attoy 
Is employed for the negative grids. Often, the aitoy of choice for the negative grids has been a caioium4iri-lead alkjy 
^ or acalcium^umlnum lead alloy 
V^- ^^f^ well recognized over the years that icad-acid baneries are perishable products. Eventually, such bat- 

teries in sen/ice wni fail through one or more of several failure modes. Among these failure modes are failure duo to 
positive grid corrosion and excesaive water loss. The thaisi o< malnlenance-f rss baUeries has been to provide a battery 
that woukJ forestaU the failure during service for a period of time considered commensurate with the expected servfoe 
^ life of the battery, e.g., three to five years or so. 

To achieve this objective, the positive grids used initially for malntenance-froe batierlee typfcaliy had thicknesses 
of about 60 to about 70 mils or so. The baneries were likewise configured to provide an excess of [he elsctrofyte over 
that needed to provide the rated capacity of the battery In that faehton, by filling the electrolyte to a level above that 
of the top of the banery plates, maintenance-free batteries contained, in effect, a reservoir of aJsctrolyte avaHabie to 
so compensate for the water loss, during the senrlce Ufe of the banery In other words, while the use of appropriate grid 
aJfoys will reduce water loss during the sen/ice life of the battery, there will always be some water toss In service. 

Over the past several years» the manufacture of such automothre laac^id batteries, typically tomied SLI auto- 
motive batteries (principally used for the starting, lighting and Ignition requirements of an automobile), has become 
substantially more complex. Battery grids have typically bean made by gravity casting (e.g.. the moften aUoy is fed Into 
what Is termed a book mold and is then allowed to solidify, the book mold provklhg either one or two sido-by-«kJ8 
grids). Production equipment using an alternate method to fabricate grids is now oommerclaify availabte by which 
battery grids can be continuously formed by expanded metal fabrlcatten techniques. For example, a tolled or wrought 
aitoy strip or a cast strip Is sift and expanded using reciprocating dies or the like and then cut Into the desired width 
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and height cDmensJons to foim the grid with a lug. 

Autexncbiie battery manufacturer© thus have avaiiabfa a variety oi techniques for forming battery grids in pix>duc- 
..* ™*®^°''' ^ porformanoe of the tjatleries when such techniques are used le not understood aJI that 

wall Thia laclcof understanding la particularly evidont In viewof thefactors complicating current SLI battery performance 
requlremente. 

On© complUsating factor In ailempting to provide salislactory sen/Ice life is the seBmingly ever-mcreasing power 
and energy requirements demanded in current SLI aulomotfva baneries used in modem automobiies. Many tectors 
have contributed to the need and/or desire for such higher power and energy for euch batteries. One mafor measure 
of power currently In common usage is the rated number of cold cranidng amps. The number of cold cranking amps 
Is considered in the industry ae some indication of the refallve power of the battery to start aii automobile in cofd 
temperature condftfon$> 

Yet another complicating factor is the "under-the-hood" space requirements. Automobile manufacturers have sig- 
nificantly decreased the overall space available for batteries in the engine compartment. Typically, this has required 
that battery manufacrturers provide a lower profile battery, vi^:.. a banery having less overall height than praviou&ly 
required eo as to meet current aerodynamic styling needs in automobiles. Such lower profile banenes wUI have less 
acid above the plates. 

These complicating factors (l,e„ a need for increased power and energy with fese available space for the banery) 
have required banety manufacturers to alter the banery internal design configurations to provide the needed power In 
a lower profile battery container. These internal alterations have typically involved increasing the number of platea used 
In each cell by employing banery grids with reduced thickness. For example, the number of plates in a BCI Group 24 
baneiy has increased from about 13 to about 1 9 Or so over the last few years while the 1hk:knBS5 of the positive grids 
has decreased from about 65 to 76 mite or so down to about 45 mils and even less in some caeee. The redu^ion in 
the thickness of ihe positive grids together with an incrflase in the number of plates has allowed battery manufacturafd 
to provide Group 24 bailerios having rated power output capabitlties ol 875 cold cranking amps or so. Banery manu- 
2ff f acturers curently offer batteries In olher BCI sizes having rated power output capabilifles of up to 1 000 cold cfankfng 
amps and even more. 

Another aspect that has occurred in recent years is the substantial increase in the under^he-hood temperature to 
which the battery is exposed in automobile sen^lco. Obviously, the under-the-hood temperature is partfcutarty high In 
the wanmer climates. One automobile manufacturer has perceived that, in the past three years or so, the temperatu/a 
30 to which an SLI battery is exposed undar-the-hood in such warmer climates has risen fnam about 125»F to about 1B5»- 
190'F in new automobiles. 

The specific temperature increase which is involved is not particularly important. What is important is that such 
under-the-hood temperatures have In fact Increased. The impact of the under-the-hood Vehicle sen/ice temperature 
Increases on the failure modes has been to substantially increase the occurranee of premature battery failures. The 
9$ Inckience of premature battery failures due to excessive posith^e grid oorroston has been SIgnlficBnt. 

One attempt to deal with the acute problem of relatively high under^he-hood temperatures by one batteiy manu- 
facturer has been to provide a battery designed for such high temperature conditions. This bdltery goes back to the 
use of thicker positive grkis (about 70 mils or more) while using a smaller number of plates (back down to about 10 
par coll). In additkDn, the head space In each cell is filled with hollow plastic microspheres. The use of such microspheres 
is perhaps to serve as a vapor barrier to the electfofyte tor minimizing evaporative loss of water in the electrolyte or 
perhaps for limiting heal transfer or the like. 

What has not been appreciated In the arl is the cumulative ettect of all of these complicating factors and increased 
under-the-hood temperatu re on the requirements for the battery grid alksy. The overall battery requirements have dras- 
ticany increased the need for a positive grid altoy that wilt Impart, in the resulting battery, enhanced resistance to positive 
4S grid corrosion. As Is apparent from the foregoing, a considerable amount of prior wofk in this f\M has been directed 
to calcium-Un-lead alktys for use in maintenance-free battery grids. 

Additionally, and more recently silver-based calcfum-Tln-lead positive grid alloys have been utilfzed in sealed, 
oxygen gas recombinant valve-regulated Icad-acid batteries. Such alloys also contain aluminum in an amount of about 
0.02 to 0.03% by weight. Th e calcium content ranges from about 0.09 to about 0. 11 % by weight while the silver content 
ranges from about 0.01 6-0.02% by weight, and the tin content ranges from about 0.5<0.75% by weight 

As previously noted, in addition to forming battery grkls by gravity casting, equipment is nowcommeretaily avaflable 
by which baneiy grids can be continuously cast on a rotary drum grid caster Additionally, battery grkls can also be 
continuously formed by expanded metal labrfcatlcn techniques. 

While SU load-acid battery manufacturers have available to them this variety of techniques lor producing battery 
gride, some of these technk|ues have not been successfully commercialized for producing positive grids. The most 
wklely used technique for making SU banery grids has been the conventtonaf book moW gravity casting technque. It 
has. however, long been recognized that this technkiuc. semi<ontlnuous at best, can cause several production prob- 
lems. In the first place, gravity casting technk^uas are subject to various problems which reeull in eorap as wen as lack 
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ol product oonsiatcncy and Ihe Ilk©. These problems include operator errors: wide variation in grid wire thickneea and 
hence overall weight due to moid coating varlationa and irregolaritles; substantial malarial handling in pnDduct/on and 
diffloully in automat^g such processee and the accompanying Inconsistencies due to human error and the like 

Feeding of theee Individual QrkS panels made by gravity casting technique Into the pasting machine during high 
speed productkjn conditions can also result in frequent grid |am upe and with resultant scrap. Further such jam ups 
r^ult in production stoppage, lost production, ckian-up of jams and variation ht pa«to machine set-up and anendanl 
active material paete weight and thicknees variations. 

Further, as is known, grids pasted with aollvo material are typically etaoked for paste curing prior to assembly of 
the battary. it is therefore necessary to remove a small quantity of paste surface moisture from the active material paste 
prior to stacking so that adjacent stacked, pasted plates will not stick together during curing and post-curing, befojo 
they are drfad. As a practical matter, however, the tendency In commercial production is to surface dry more than is 
required bo as to ensure that any possible alicking problems are eliminated. This further exacerbates the problem of 
providing product consister^y. 

Still lurthar. a reteled problem is the development of what ara often termed "checking cracks' or shrinkage cracks 
m the cured or dried active mafterial paste on the plates, particulariy adjacent to the grid wire surface. Such chocking 
cracks can result from either excassrv© drying or from drying (i.e.. moisture removal) too quickly Such chacking cracks 
not only decrease the expected scrvkse lite but also the low and high rate discharge performance of battarfes ueing 
plates having checking cracke because of poor paste adhesion to the underlying grid surface. 

Another problem of substantial significance stems from the environmental issues Involved in pasting, curing and 
20 assembly of batteries using gravity cast SUl baHery grids. Lead dust is a major problem. stemmlnQ from toss of powdery 
active material from cured and dty paste during processing and handling while assembling baHeries. IWechanical han- 
dling loosens powdery adivo material since there are no surface barriers. The resulting load dust must be dealt with 
In an environmentally satisfactory manner, and production staff have to wear reepiralofB while carrying out pasting and 
battery assembly operations. Indeed, a great many production safeguards need to be provided to handle powdery lead 
^ o>dde dust. 

Potentially, tho use of any continuous process like continuous grid casting or other continuous expanded metal 
fabncatkin techniques to mske battery grids is capable of minim Wng, if not eliminating, one or more of Ihe problems' 
associated with gravity casting techniques. There has accordingly been eubstantiaJ interest and offort directed to the 
use of such technk^ues over the years. This etfort has resufted in what is believed to be rather widespread use of 
3D vartous oontir^uous, expanded metal fabrfeation processes for nr»aking SLI negative baltery grids. 

The same benefits would result when using continuous process lor making grids and plates for SLI positive battery 
grids However, one major Issue is present with positive grids and plates that is not an issue with negative battery grkJ3 
and plates. More particularly, as has been previously discussed herein, corrosion of the positive batteiy grid is a principal 
mode of failure of SU batteries. Al least for this reason, as far as can be perceived, expanded metal fabrkation tech- 
rirques have not been widely used commercially for making SU positive battery grWe, becauee 6l Increaaed euecep- 
tibnay of continuous cast strip which is expanded into SLI positive grids to positive grid corrosion. The IncrBasIno under- 
ihe^hood Temperatures discussed herein only serve to exacerbate the dllficulties aseociated with uelng such expanded 
rrietal techniques for producing positive battery grids. Indeed. Irom the standpoint of cuetomer acceptantie. some ekep- 
ticlsm has been expressed as to whether continuous expanded metal techniques could be satisfactorily uaod for com- 
^ mercial production ol positive grids and plates. 
'V^- ^ principal exception to the foregoing Involves a U.S. battery manufacturer who uses a cold-railed calcfcjnv-tbvlead 

alloy sheet and expanded metal production techniques to make positive and negative battery grids and plates if is 
believed that this same general technique has been used for many yeaf«. However, what has bean occurring at preeent 
It »s believed, is \hai excessive positive grW corrosion is resulting, causing premature battery faltui« parttculartv n 
<s current automobiles. «wit m 

in spUe of all the considerable work directed to malntonanoe-froe batteriee over the past several yeaiB. the com- 
plicating factors and other aspects prevkHJSly discussed have created a substantial need for mafntenance^roe batteriee 
that can meel the power and energy demands required and yet have an adequate sen/ice life, particufariy when used 
In wanmer climates with elevated under-the-hood vehtele eenrioe temperature oondittons. The entire automobile sen/toe 
50 environment and requirements for the battery preeent an extremely complicated situation which is not all that well 
understood. A substantial need also exists for a process to continuously produce battery grids that can obviate the 
problems discussed herein. 

TDe advantages lhat are provWad by sealed lead-acid cells and batteries in comparison to conveMional. flooded 
55 substantial and varied. Sealed lead^id battery technotogy thus offera substamfal benefits by 

If maintenance (e.g cell watering), em/lronmental (e.9., expensive waste troaiment eyeteme and air-borne 
acrd mist) and safely (e.g. . acid bums) concems. Such celle and batteries offer the possibility off opeiaiing with virtually 
no liberation ol hydrogen and oxygen during continuous float charge maintenance charging. Well-desfgned VRLA celte 
and batteries with good float charge control and {hernial balance during operation could result In a 5to20yaarsenrlce 
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fife with very minimal maintenance costs. 

ri fe thus not surprising that sealed load-acid oelfa and batteries are widely used in commerce today for various 
appUcatfone. Such sealed load-aoid ceto and batteries aro often term -VRLA" (l.e.. valve-reguferted, lead-aoW) celis 
and batteries. In stationary battery applications, the sealed lead-aoki batteries provide stand-by power in the event of 
a power failure. For this type of applicalton, such stationary baUerfes are maintained at a full state-of-charge and in a 
ready-w-use condition, typically by float maintenance charging at a constant preset voltage. Stationary batteries are 
used for 6tfl^-by or oporational power In a wide variety of applications, including, by way of illustration, telecommu- 
nicaiions. utilities, for emergency lighting In commercial buildings, as stand-by power for cable leleviston systems and 
\n unlnterrupUbfG power supplies for computer back-up power and the like. Sealed batteries are also increaslngV used 
bi on the road" and 'off the road' electric vehicles like fork lift trucks, automated gutied vehiolee. and pure electrk: 
vehicles, whereby these batteries supply all the energy requirements. 

There has been considerable elfort in this field over the years to develop grid alloys that possess the many and 
diverse ohuracierisiics needed aa a positive grid alloy for use in making the positive plates fn seaJed lead-acid cells 
and battenes. indeed, many of the lypes of lead-based alloys used In conventional flooded Joad-acid batteries have 
been investigated as candldaies for use In sealed lead^cid cells. As one example, lead-based alloys including calcium 
and tin in varying amounts, sometimes wfth other aiJoying components, have been used. However insofar as it Is 
known, nono of th^se alloys have been able lo satisfactorily match, much less exceed, the collective lavorabfe wop- 
erties of the alloys disclosed in U.S. 4.166,155 to IVIao et al. and in U.S. 4.401.730 to Szymbor^ki et a|. Particular 
problems which develop when calclum-tin lead-based alloys are used range frxjm the level of mechanical properties 
SQ that are considered desirable to preventing premature capacity loss (often tentied "PCL"). These VRU\ cells and 
batteries work on the fundamental principal of oxygen reoombinalion at the negative active material during charging. 
. The oxygen rocomb/natk>n reaction maintains the negativo plate in a partially discharged state and, as a result, the 
potential fs kepi near the equlllbrlumvaluefor the Pb/PbS04 system. I.e.. ti„^(80 to 1 0Omv)*, wherein rBpresents 
the over-voltage or the negative electrode. Since the negative half-cell voltage is polarized by this amoufrt,%o positive 
as half-cell electrode will have to operate at a higher voltage which re equal In magnftudd to this n^lvo over-votefi© 
shift under a constant or fixed voitago charging. Typteally. the cells and batteries used for unlntenxiptibte power systems 
and telecommunications applicattons are charged al a fixed constant votiage In the range of 2.21 to 2.35 vote per cell 
The consequences of this higher charging voltage on the positive electrode half-cell In continuous float voltage charging 
In battery aen/ice is liie higher rate of positive grid corrosion in these VRLA batteries fn conparison to flooded lead- 
ackl baneries. Positive grid corroston rale thus is much higher In the sen/ice cf a sealed Isad^id battery and could 
become ilfe-llmlting in many instances. The h^her rate of positive grW conoslon In VRLA batteries is due lb positive 
half cell voltage shift to higher potentials and also to higher cell temperatures in charging due to the eacothermlo nature 
of the oxygen recombination process and lack of an electrolyte resarvofr heait sink as is available In flooded lead«cid 
baneries. Positive grid alloy compositions that have good high lemperature corroskxi resistance and are free of els^ 
^ mental Impurities that couW lower either the oxygen or the hydrogen ovorvoltagea would greatly Improve the sen/lce 
life of the VRLA batteries in uninternjplible power supply and similar applications. 

Substantial interest in calcium-tin-siJver lead-based alloys a& positive grid alloys has developed. However, Ihe 
metallurgy of those quaternary alloys Is relatfvely complex due to the Inclusion of the three unk^ue soluts elements. 
cB\c\\}fr\, tin and silver This quaternary altoy, in general, Is a classte precipitation-hardening aIU>y deriving high me- 
^ chanloal strength and corrosion resistance attributes due lo an uniform dispersion of very fine inlermoteillic precipitates 
K^' in a lead rich matrix. 

Understanding how such relatively complex metallurgy Impacts upor> use as positive grid albys becomes only 
more complex, and significant V so. when the diverso criteria for positive grid alloys are considered. In the firs: Instance 
suitable positive grid albys must possess acceptable mochanltsal properties for proeessabilrty so that the alkiy can be 
^ made into positive grids of the desired conrrguration using the desired productton method, and be capable of being 
subjected to various downstream plate processing and assembly steps. In other words, the aervico life requlrBments 
become Immaierial if the al lay cannot bo made Into grids under production cofKlltlons and be capable of being procoBsed 
under desired cell or battery assembling and manufacturing conditions. 

The senrice life requirements for positive grid alk>ys are diverse and significant. Higher temperature oondltksns in 
» sen^ice heighten the importance of oomoston resistance under such high temperature conditione eo as to avoid positiva 
grid corrosion becoming a significant mode ol premature faflure of performance. 

Accordingly, enhancing the microstmcture stability of the positive grid In service Is an Important criteria. Solutk>ns 
such as making thicker positive grids are not completely satisfactory In sonna battery designs due to container si^e 
limitations, involving economic penalties, while sacrificing capacity and performance. 

Moreover, such solutions do not adequately address corrosion issues related to posltrve grid growth. Posrtivo grid 
albys are susceptible to grid growth or dimensional changes due lo the corrosion processes encountered In battery 
service. Excessive positive grid tSmenstonal changes can result in premature failure in senrbe and thus must be care- 
fully controlled. For example, even dimensional changes in either the horizontal or vertical direction as small as 2% to 
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5% in servica could result In complete cg|) or battery fan u re. 

This grid growth procgss is the rosutt ot application of a small magnilude stress oontlnuousry on the grid wiro 
members as the poeftVe paste undergoes phase changes in senrlce. TTifs applied continuous stress results In porma- 
nent deformation of the grid wires which leads to stretching of the grid, and, hence, the grid growth. The magnitude of 
this applied stress increases with Increased service temperature, and with decreased cross-sections of the grfd wires. 
Pomianent grid wire fractures can occur as this appflod stress exceeds the yield point of the alloy This slow, but steady, 
fiiate deformation of the grid Is sorr^etimea referred to as 'creep-induced deformation." 

Such creep-induced deformation cannot be completely efiminated. However, minimizing this adverse effect is im- 
portant. especiaJly for particular typos ol cells (I.e.. VRLA cells) and for grids made using direct cast strip processes. 

Other Important sen/ice life criteria that demand attention are passivation issues. Thus, thermally Induced passi- 
vation layers in son/ice or storage must be minimized, and hopefully eliminated. Further. paaslvBHon effecta resulting 
from discharge conditions must be avoided. 

Suitable positive grid alloys must thus develop salislactorily unitonn corrosion layers upon curing of the positive 
active material to minimize and hopefully eliminate any grid Interface-felated passivation effects. Avoidance of thermal 
IS and electrochemical passivation must be achieved during float charging and open circuit storage conditions. 

Further complications arise duo to the type of cell or banery as well as the service life roqulremenie. More partic- 
ularty, the service life requirements for positive grids for conventional flooded oloctrolyte SLI batteries vary from those 
for VRLA batteries. Thus, maintaining eloctroohemical compatibility of the positive grids throughout the demanding 
oxygen-rich environments in VRLA cells must be accomplished. 
^ Even funher, the service life requirements for VRL^ cells for motive power appTicaticna vary significantly from 

those for staiionary power applications. In the latter, and while creep-induced deformation fs an issue which must be 
addressed in virtually all laad-acid applications, ihis issue is partioularty important in Slallonary power appGcaUons 
where the expected service life of the tjattories is 10 or even 20 years. 

Yet another factor that affects these diverse criteria is the manufacturing method selected for making the positive 
ss grids. More partioulariy, the manufacturing method selected can impact upon the alloy compoeftfon that is needed to 
satisfy the desired service life criteria. 

There accordingly exists a need for a lead-based alloy which can adequately satisfy the diverse requirements 
needed for a lead-based alloy for making grkis for positive plates used in flooded electrolyte and sealed lead-acid cells 
and batteries. 

^ It is accordingly an object of the present invention to provide a maintenance-^ree. lead-acid battery capabto of 

eatlsfaciory service life when operated In relatively high temperature environments. 

Another, and more specific, object lies In the provision of an alloy composltkxi useful for nrtaking positive grids tor 
6U0h maintenance-free batteries. 

A still further and more specific object of this invention Is to provide an alloy that can be made into positive grids 
as for such maintenance-free batteries using commercially viable, continuous strip and exparKied grid or contlnubue cast 
grid manufacturing methods. 

Yet another object provides a positive grid alloy for such maintenance-free batterisa thai will impert enhanced 
resistance to positive grid con-oslon relative to batteries using positive grids made from alloyfi presently being ueed. 
An additional object of the present invention is to provide an altoy for a positivs grid that may be readily formed 
^0 into a positive grid or a continuous strip followed by grid fabrication using exparxfed metal techniques or the Bka without 
undue loss of any of the key alloying Ingrcdlanfts. 

Another object provides a contin uous method for making lead-acid battery poeitive plates characterized by superior 
high temperature positive grid corrosion resistance. 

Yet another object of this Inventkin lies in the provtsksn of lead-acid banery pceftlve plates« and battariee utiti2mg 
43 such plates. characteriMd by ertfianced product consistency relative to the product coneistenoy obtained with gravity 
oast plates. 

A still further Object of this invention Is to provide a method for making lead-ecid battery postthra platee that mini- 
mizes, or even olIminaTes. potential environmental concerns such as tead dust and the tike. 

Yet another object of the present Invention is to provide a sealed iead-acid cell or battery utinzing positive grids 
so made of an alloy composition characterized by superior corrosion resistance; 

Another object of the present inventton is to provWe a sealed lead-ackl ceil or banery utilizing posHhre grids made 
of an alksy composition characterized by extended float mafntenance charge senrice in UPS. telecommunicattons ap- 
plications, and motive power apptfeations. and where the batteries exhibit very high charge voltage stabilfty due to lack 
of Impurities. 

other objects and advantages of the present inventton wilf become apparent as the f olfowing descilptkxi proceeds, 
taken in conjunction with the accompanying drawings. 
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SUMMARY O P THE INVENTION 

In accoiidance wrth thsproseni invention, fl has been found thai. In gencrar, ddsirablo lead^id cells and batteited 
can be provfded by utilizing positive grkis made from calclum-tin-s liver lead-based alloys In which the alloy composition 
te oareh/lly selected based upon the grid nuinutacturing technique of choice and the battery service appiloatton Thus 
nrst and foromost. It has been discovered that careful control erf the calcium content for this family of alloys mufel be 
obtamed. Otherwise, the high lemperaturo corrosion resistance becomee very unpredictable and uneatisfactory Fur- 
ther. and constetenl with the selected calcium level, the tin and silver contems must be cooidinalod to satlcIV the diveree 
service life criteria for tho particular application. 

For poeilivo grids tor convemlonai flooded electrolyte SLI batteries. Continuous gild fabrication Id becoming Irnpor^ 
tant due to cost considerations. Directly cast strip positive grids a/c highly desirable from the cost standpoint. 

According to one aspect ot this invention, it has been now found that directly cast strip posftrvo grids havfng no 
vertfcal (or edge) frame bans require enhanced mechanical properties to satisfactorily minimize creep^duced defor- 
malton and related concerns in service. Thus, for such directly cast strip posilfve grids, it has been found that allays 
of the following composition, baaed upon the total weight of the fabricated grid, are suitable: about O 030 to 0 050% 
calcium, from about 0.60 or 0.65 to i .25% tin, from about 0.01 8 to 0.030% silver, and the remainder lead. Aluminum 
can be optionally indudad in an amount effective to prevent Crossing of the oatoium during the grid manufacture a 
range of from aboul 0.004 to about 0.01% aluminum being suitable. 

Another aspect of the present invention Involves positive grids tor VRLA calls and batteries in which, when gravity 
casting rs used to make the positive grids, the alloy composition of the grid is as follows: 0.035 to O.0S5% calcium, 
aboul 0. 95 to about 7 .4S% tin. aboul 0.01 8 to about 0. 030% silver and the remainder lead, all Of the peccfintagee being 
based upon the total weight of the grid. When making VRLA positive grids from directly cast strips, alloys having the 
following compositon should be ulilfzod: 0.030 to 0.050% calcium, about 0.95 lo 1.25% tin. about 0.01 7 toO 03% silver 
and the remainder lead. While less desirable, rolled strip (wrought, expanded) grid fabrioatkMi teohniquas should usa 
^5 gnds having the foltowing compositions: 0.025 to 0.050% calcium, about 0.95 to 1.46% tin, about 0,017 to 0.030% 
silver, and the remainder lead. Optionally, each ol the a Hoys compositions can Include aluminum In an amount effective 
lo prevent drossiog of the calcium during grid manufacture. 

While the Invention is susceptible lo various modifications and alternativa forms, specific embodiments thereof will 
hereinafter be described in detail. It should bo understood, however, that it is not intended to Bmli the inventton to the 
30 particular form disclosed, but. on the contrary, the inientton is to cover ail modifications, equivalsnts and attematlves 
falling wfthin the spirit and scope of the invention as expressed in the appended clafma. Tlius, while the sealed lead- 
acid cells and batteries herein have been described In conjunction with industrial batlery appHcations (e.g., stationary 
and motive power). It should be appreciated that such sealed celts and batteries may be used for any such application 
including for automotive or use fn other vehicles. 
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BRIEF DESCRIPTION OF THE DRAWINQS 

FIGURE 1 is a perspective view of a maintenance-free battery ot the present Invention; 

FIG, 2 IS a cross^eciional view taken generally atong the line Z-2 ot FIGURE 1 and showing a battery grid made 
utilizing an alloy ccamposition in accordance with the present invention; 

FIG. 3 is a graph comparing the high temperature performance of the baneries of the prasant invention wfth that 
of conventional batteries; 

FIG. 4 is a schematic view of a preferred continuous method for making lead-acid positive battery grids and platea- 
RG. 5 Is a side elevation view of a grid made using the method shown In FIG. 4; 
RG. 6 Is a skie plan view of a positive plate in accordance wfth the present invention; 
FIG. 7 Is a perspective view of a lead-acid cell in accordance with the present invention, paniafly cutaway to 
iDusUato the Intemal configumtk>n; and 

FIG. 6 is a schematic view of a battery in accordance with the present invention. 
^ DETAILED DESCRIPTION OF THE INVENTION 

The alloys of the present inventton may be produced in the conventional manner by adding the alloying ccnstiluenls 
in the proscribed amounts lo the moflen lead and then mixing until the mass is homoganaoua. 
Commercially used high speed grid manulacturing tschnk^ues. which are well known, can then be used Ihe oaating 
» temperatures goneralV used range from about 750*F to about 850*F. and the molten altoy is poured Into molds main- 
talned at a temperature of about SSO^" to 450* F. 

TTis albys of the present inventton can be produced by such conventionally used techniques as gravity grto casting 
machines by ueing book molds at rates comparable lo those used with presently used alloys, AddlUonally, the aUoya 
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fJT^n o^"* invention may be directly cast into a relath/sly thin cast strip wfth thfcknessea generally ranglna from 
about 0.020 inches to about 0.060 Inc^M and then converted into positive battery grids utIlteirtQ commeroiaJty available 
oqi/vmant oJthls type in accordance wltti one desirable aspect of the present rnvention, as will be mora fully described 
hereinafter. Ae may be appreciated, the thickness of the elrip selected win be dependent, tn general, upon the amiof- 
pated grid corrosion life and the sen/Ico life requfrements desired for the particular applications 

Turning now to the drawings. FIGS. 1 and 2 show a maintenance-free battery utilizing the unique alloy cornposmon 
Of this invention for the positive grids. Thus, a maintenance-free battery 10 is shown which included a container 12 a 
pair of Side termmai poete 14 and a cover 16 sealed to the oonlainer by any conventional means. THe container is 
divided into a plurality of cells, a ponton of ono coH being shown in FIG. 2; and a battery element is disposed in each 
of these cells. The banery oiement comprises a plurality of electrodes and separators, ona of the poeitlve grids being 
shown generally a! 18. The negative grids are of Identical or similar construction but are formed with any desired 
anUmony-free alloy. The electrode illustrated includes a supporting grid structure 20 having an fntogral lug 22 and a 
layer of active material pasted thereto; and a strap 24 jolntng the lugs 22 of the respective posilhre and negaltvo gride 
together. * 

Inlercell connectors are shown generally at 26 and Include a "tombstone- 28 which forms a part of the elrap 24. 
The strap 24 may bo fused to the grid luge 22 In assembling the components Into an element as ie known. The temilnais 
14 are similarly electrically connected through separate straps 24 to the supporting grid structure 20 during assambivs 
the base of the tenninal forming a part of the strap 24. Suitable manifold venting systems for allowing evolved gaaea 
to escape In flooded electrolyte SU batteries are shown at 34. Many satisfactory venting systems are weN Icnown. In 
addillon. It Is believed that all the present maintenarwe-lree battones manulactured In the United Statea wdl typicalty 
utilize flame reiardanl exptoslon-proof vent designs. In sealed lead-acid cell or battery desfgne. (he venting eyslem ia 
designed to operate the cell or battery under pressure in the range of 0.5-10 psig to improve the otflctency of oxygen 
recombination al Iho negative electrode and thus prevonl the oxygen gas from ©scaping lo the atmosphere. Since the 
cells and batteries of the sealed oxygen recombinant design operate at higher ffitemal pressures, the polypropylene 
copolymer container and cover or other polymeric container-cover materials often used should be designed to withstand 
higher internal pr essures. The baflery or cell containers usually have thicker walla and the Individual cells may be put 
in steel coniainors in service applications to prevent outside container walls from bulging and ihufl affecting internal 
cell compressron and battery performance and life. It is very critical to maintain preset cell compression to achieve^ 
optimum eleclrolyto contact and continuity for ion transport, overall cell perfomriance and for efncient oxygen recom- 
bination. t^ck of cell compression due to container wall bulging usually results in loss of oxygen, biefflolent oxygen 
recombination, and battery performance which will result In higher water loss of the electrolyte absorbed in glass sep- 
arators wfth the consequence of premature battery failure due to low capacHy. The cells and battoriaa are typically 
designed to maintain a uniform ccU compression In the range ofi S to 35% throughout the eealed battery eervlce life. 

The particular design configurations of the battery may bo van ed as desired for the Intended appncatlon. The alloya 
described herein, and positiva grids made using such alloys, may be advantageously utilized in any type and «fzG of 
lead-acld automotive battery. For example, the alloys of the present invention and ballery grids mado IhereTrom may 
be advantageously used In dual lemiinal banaries such as those shown in U.S. Patent 4.645,726. Srmllarty while a 
battery having side terminals has bean exemplified, the battery of this invenlton could compriee a top terminai battery 
The thickness of the positive grids can vary as Is desired lor a particular service life and a particular desired rated 
capacity. However. wHh any given thicknosa positive grid, the bailerios utilizing the alloys of the present Invention will 
Impart enhanced positive grid corrosion reslsiance to the battery In comparison lo conventional malntenanca^ree 
baneries having positive grids fonned from previously used alloys. In general, the grid thicknese in the batteries of this 
invention can desirably vary from about 30 to about 76 mile for most appJicatlons. These grid thbknessas should be 
considered merely exemplary. 

45 As previously noted, the alloys used for the negative grids can be varied as desired. Tliua. tor maintenance-free 

battery performance, any negative grid alloy can be used that will provide such performance. Ttiia will generally involve 
an antimony-free, lead-based alloy. Among the typical alloys used for fonning negative grWs Include caloiurTHln-lead 
alloys or calcium-aluminum alloys having the following composilton: calcium O.Od to 0. 16%. tin 0. 16 to 0.55%, and the 
balance lead or cateium 0.09 to 0. 1 6%, aluminum 0.01 to 0.035% and the balance, lead. 

The alloy for the strap, including the intorcell weld connection, can be any strap alkiy that will provide the desired 
characteristics. iVfany such alloys are known and have been used. The positive and negative grids are connected lo 
the straps using a strap alloy containing, for example, l.S-6.5% tin in the sealed Isad-acid batteries. This lead-Un strap 
alloy may also have a small selenium content in the range ol 0.003-0.03% by weight 

m accordance with one aspect Of the present invention, it has been discovered that IsaMaeed altoya off partlcutarfy 
defined compoamon may bo cast Into a continuous strip of desired thickness In the range of O.OZO inches to 0 060 
Inches and then subsequently converted Using expanded metal fabrication lechniquee to positiva grids and p^ee 
which exhibit high temperature posKlve grid corrosion oharacterbtbs considered to be essentially the same as those 
achieved wfth gravity cast positive plates made virlth grids of the eame aDoy comp06ltk>n.by an appropriate seleotlon 
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of the manner In which the elrlp Itself Ib marie. What Is truly surpnalng is that such improved positive grid corrosion 
resistanoo resufte ean be obtained even Ihough photomicrographs of the dircciiy cast strfp employed to make the 
poalt^/o plated exhibit the expected orientation of the grain boundaries In the alloy v^lch results from the direct casting 
prooees Itself. Strong orientation of grains le usually aSBOclated with variable corrosion resistance 

Making the results obtained even more surprising is Ihe uniqueness of the directly cast strip In comparison to other 
^ fiirlps Thus, there are other cast atrips avsiiabto that are cast and then rolled by various means to provide a etrlo 
ot the desired thickness. Such strips exhibit the similar type of orientation of the Q/ain boundaries as in directly caet 
Btnps. Yer the performance obtained is vastly different. The psrfomiance achieved wllh direct caet strips is far 3uperk)r 
^^'^^^^ with othor cast and rolled strfps in spfto of the strong grain orrentatk)n In the directly cast stripe whteh 
70 would typically indicate that corroswn reelelance would bo diminished. 

In the continuous strip directly cast to the appropriate thickness and made using an appropriate aJby composition 
the resulting strip exhibits microstruclurai stabllfty without any residual stresses present in the matrix or any recryslal^ 
lUatlon TOnes present in the casi matrix. The Inherent high temperature corrosion resistance properties of the ailou It 
IS believed, are sufficient to overcome fho enhanced sueceptlblltcy to corrosion of the strip due to Its oriented giaJn 
IS twundanes resulting from direct casing, allowing positive grkis and plates to be made which exhibit outetanding hlah 
temperature positive grid corrosion resistance. 

In conirast, the continuously cast strip which is cold rolled to the desired thickness exhibits microetructural Instabilffy 
due to residual stresses and recrystaJlized zones present resulting from the cold rolling or the like. Even using the 
desired alloy composition does not compensate for the enhanced susceptibility to corrosion from such mlcrostructuro 
^ so Instability induced by residual stresses Introduced during rolling. Since recrystailization will be nonuniform in the cokl 
rolled stnp. corrosion rate differences exist between recryslaniied and non-recrysialHzed (stressed) regkxis and hence 
overall corrosion resistance is usually inferior in rolled strip, 

Accordingly, the alloys described heroin make It comnf>ercially fsaaible. il is believed for the first time, to utilize a 
continuously cast strip to make the positive plates while achieving high temperature positive grid conoslon reeistance 
. as characteristics only previously obtained with gravity cast grids. The potential commercial Implications are very signif- 
icant. In addition to the environmental benefits, the economfc benefits, it is believed, should amount to at ioaet ten 
cents per battery, and. when all other beneficial aspacts are considered, shouW be several times that amount. 

This level of economic benefit also stands as a tribute to the present invenllon, Deepfie these potential beneffie 
and the availability of various techniques for making cast load alloy strip and converting such strip to battery grids It 
remained for this Invention to provide a commercially viable, continuous method for making SLI feac^ld battery pos- 
itive plates having acceptable electrical performance and outstanding high temperature positive grid corioslbn char- 
acteristics. Indeed, the banery manufacturer having the most at stake has not been able to provide the benefits off the 
present Invention. Thus, this battery manufacturer which has made positive gride from cast and itsiled strip and ex- 
panded metal fabricaUon tsdinlques for many yoars stJJI makes positive grids having high temperature corrosion char- 
dcterifit'ics Vastly inferbr to those achieved using the present invention. 

The method of the present Invention thus Involves, Initially, providing an alloy strip direciry cast to the cteaired 
thickness. The thickness of the alloy strip can be varied as is necessary to satisfy the sen^ice llfo and other raquiremente 
of the partx;4j|ar application. In general, for present SLl lead^cid battery applications, the strip thickness can vary from 
about 0.020 inches to about 0.060 inches, in any event, as compared with gravity cast grWs, the alksy weight per grid 
can be significantly less in the method of the present invention while achieving satisfactory performance in service A 
significant savings In raw material costs can thus bo achieved. 

As used herein, the temilnoiogy "directly cast" refers to a continuous strip that fa east directly from molten lead 
alloy Into the thickness desired for making the positive grids. The ca&tfng pixx:eas thus does not include any cokJ roffing 
or other reduction In the thk:knQss of the strip from the cast thk:knfi88 to the thk^kness desired for making the poeitive 
grid. Thus, for the reasons described herein, excessive cold rolling of th© cast atrip will sIgniflcantJydwTilnish the desired 
high temperature corrosion resistance characteristics of the resulting grids. However, consistent with apprec'atkm of 
these characteristlce and, while unnecessary, it can be understood that some cold rolling or the like oouki pertiaps be 
tolerated. Equipment for making a suitable directly cast alk^ continuous strip tfom molten lead altoy is commercially 
available (Cominoo Ud., Toronto. Canada). U.S. 5,462,109 to Vinczc et ai dlsctoeee a method for making a diroctly 
cast strip, 

TTiis directly cast strip can then be converted by known expanded metal fabrication techniques to achldve a con- 
inuous source ol an expanded load^alloy grid mesh strip suhabie for oonverston Into positive lead-ackJ batten/ plates 
in general, as Is known, these operations Involve first expanding into grids and pasting with positive or negative paste 
and then slitting the moving a^toy pasted grid mesh strip to provide, after expansion and other processing, as will be 
described herein, the desired plate size and lug configuraUons. 

As Is known In conjunction with making negative grids, elite are generally made in the tongltudlnal direction ol 
travel, leaving the transverse edges f roc from silts. For SU positive plates, the continuousV cast strip may be for 
example, from about 3 Inches to about 4-5 inches wkje. preferably about 4 inches wide. In this fashion, the strip 'can 
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be Gilt and expanded at speeds of up to about 60 to 150 feet per minute or so to make tianevensely pooitioned slde- 
by-sld9 gride with the lugs being located toward the center of the axpB.r)ae^ strip 

^r^^l^^IZT? Tif "^"'^'^ '""^ ^ ^^''^ P^^^ ^alerfal paste to 

E .K .'^^ ^ Pwe^sing can then be carried out aa win be diecueeed herelnatter In oonnection with 

« the Illustrative, preferred embodrmem. 

schemaiicafly depicts the various steps and equipment utilized, in the preferred embodiment, ct making 
the posftive battery plates of the present invention. The equipment utilized comprises a commercially available conUn- 
uous expanded banery plate production line (Comlnco Ltd.. To«)nto. Canada). U.S. 4,315.358 to Laurie et al aJso 
«"f^*o«' fn general, the method and apparatus for forming the expanded meeh strip. In utflizing this line, the strip is 
TO in the form of colls, each coil weighing about 1 500 pounds. Strip 40. from a coll 42 stacked In tho horizontal position 
18 wnlinuouely fed inio the grW expander line. Successive cofls can be processed without re-threadlng by using a strip 
weWer 44 which bonds the end of one coil t.o the beginning of the next coil. Suitable strip welders can achieve the 
desired bond with cold pressure. As may be appreciated from the foregoing, tho gride and plates formed from the strip 
ende that are bonded together may well have less than optimum high temperature positive grkl corroston resistance 
'* If desired, such grids could be separated out arid not used. 

fn the grid expander section, the strip 40 is converted into a grid mesh of the desired srze and pattern, in generaJ 
the rotary expansron, shown goneraliy at 46. involves an expander tooling module having an assembly of einsufar 
cutters mounted onto three shafts which cut and perform the strip 40 into an expandable pattern. Center and outside 
guide proirustans are also cut into the strip which allows engagement by three sets of silent chains In the expansion 
a» sectfon. The outside silent chains diverge, causing the mesh lo expand away from the center, forming a diamond 
panem. As the mesh Is expanded, the outside edges ekmgare more than the center. A stretcher pulls the center portion 
fon^vard to match the outside edge. ^ 

Qnd mesh flatteners and coinfng rollers may be employed to n>ll the grid expanded mash to the desired thickneBS 
(I.O.. ffanening out any high spots). Edge trimmers may be used to remove the outsklo edges of the mesh eo as to 
W provide dimensional uniformity and eliminating any ragged or protruding portions. 

A tab blanker 48 forms the Jug arKl top frame bar configuration of the plate by punching a slug pattern from the 
center soTid strip. The mesh strip Is thus guided through a rotary male/female die assembly which cuts the slugs and 
ejects them as salvage. A center guWe protrusion then Is flanened as the grid mesh exits the die set 

The Ihus-fom^ grid mesh strip is conlinuously moved onto conveyor belt 60 with botlcm absorbent paper layer 
w 52 provided from roll 54 being positioned between strip 40 and the surface of the conveyor belt 58. Positive active 
material paste from paste hopper SB is applied to the desired areas oT strip 40 in the pasting zone shown generally at 
60. Surtabis pasto-applying apparatus for expanded mesh is known and may be used. As an iltustradve example a 
eultabfs paste^plylng apparatus is Auto Mac 1 70 Paster (MAC Engineering. Benton Harbor. Michigan). 

After exiting from the pasting zone, a top absorbent layer of paper is positioned on the upper pasted surface of 

I!llfff^t^ ®° ^ ^^^^"^ ^® ^^^^^"^ P'^^^ ^^^^^ eandwtehed batwoen the top and 

bottom absorbent layers. In this fashon. any environmental concerns due to lead duet or the like getting frito the air 
should be minimized or generally eliminated becauee tho active material le virtually Gnoapeulated between the paper 
layers. 

still further, the top absorbent layer of paper functions to simplify any surface diy^g of the paste required which 
enhances the consistency of the electrical performance and service Hfe that will be achjevad since active material 
checking and shrinkage cracks next to tho grid wires is minimized. Also, when separated into individual plates and 
stacked, the absorbent paper layer shroud minimizes any sticking problems between adjacent plates in the stack. The 
paper byer also helps in kseping tho plate divider knives clean and sharp. 

As regards the absorbent layers, a wide variety of materials can ba'ueed. The principal requiremenls are wet 
strength, tensile strength, and oloctrochomlcal cleanliness. As illustrative examplee. it has been found eufiable to use 
B pound basis weight banery grade tissue paper from Zellerbach (Cincinnati, Ohio). 

As shown In FlQ. 4. a top absorbent paper layer 62, unwound from roll 44. is fed onto the upper surface 56 of the 
pasted strip 40. The resuiiing pasted plate sandwtoh can then be further processed ae desired. 

Typicaliy, such further processing Incfudes. as in the lllustrativB preferred embodiment, plate parting (or dividing) 
arxJ flash drying followed by paste curing, as shown in Fl<3. 4 at 66 and 6B, respectively. -Rieeo steps can be carri^ 
<^ m any d^ired order. However, it Is preferred to first carry out the plate parting step because the paper present on 
e ther side of the pasted grid mesh prevents the cuners used for plate parting from removing too much paste- and 
also, the active material is soft and less susceptible to cutter damage prtor to curing. r-^ . . 

Plate parting or dividing emptoys a rotary cutting die which alternately cuts the pasted grfd meeh into left and right 
ptetes (viewed from the top). The mesh is suitably guided through this step by using an Index ring which engages tfie 
center lug cutouts. The divided indl vWuai platee go through a rapidly moving conveyor where pasted platee are heated 
to remove a small amount of surface molslurc. Typically. 18-20% of the total moreture from the plates is removed in 
this step, me Tlash-dned plates are stacked in plate trays for further paste curing 
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erf o^tS^n!^,^^Z^^^ Tl^^ ""^"^ techniques. In the preferred practice ot this rnvention. curing 

ti^^^^n!^ M "^"^ """^ ^.^^"9 conditions that fav<>r conversion of tribaolc to teimbasic lead iatfate 
Such conditions Include temperatures ot up to 210«'F at relative humidities of 96 to 100%. 

». t ^ ^ processing steps that could be carried out If desired, delude forced drylnfl of such cured olates 

up to 72 hours or can be cured at nO"-l43-F and 95% humidity for 24 to 4fl houre P«wiwe ror 

Aort mf^^' ""^^"^'^f ^ preferred embodimeni of a grid made by expanding motal techniques using a direciry cast dtrip 
and made in accordance w.lh the present hwention. Grid 70 includes a Iuq 72. a top bar 74 and a bottom bar76 The 

"JS^iZ'^z:^^^^ '^^'^ ^^^^^ ^ ^'--'^ s^'^ ^/ 

or slTr f^^i^^r!? ^JT^' Ll^^l^'^"^ ^r^vor^^k^n. it has been found that these dir^ctty cast grids, having no verlteal 
I nr^l^^f 1 • ^' '^"^""^ use of affoys having carefully selected corrvoBittons to saiisfy the service 
llfecntera while, at the same time, particularly reducing creepnnduoed deformation. -fTius. the calcium content of these 
calcium-tin-silver lead-based alloys should bo maintained In the range of from about 0.030% to 0.0S0% Ttite ranae 
^ ^^Z. ^'IT'.^ conjunction with the other aiJoyhg ingredients, to allow adequate medhanical properties to be 
davefoped while lowering Ihe rate of matrix recrystallizalbn. providing a more stable mfci>^qturB 

incUjsion Of silver in the range Of about 0.018% to about 0.030% and tin in the range of inm about 0.6 or 0.65% 
!o1^5% provides hlgh lemperaiurocorrosron resistance while minimizing creep-induced deformation. THe combination 
. ''^"^^ ooordinated to reduce the suscoptibillly of the dlrectJy cast ^16 lo hot^racks 

and hot.tear lype defects. particuIarV when casting strips with thicknesses greater than 0.040 hchas. UnduV high Un 
and s»vGr levels may cause brlnleness in ihe cast strip partrcuiarly when thIcJcer cro^^ion strips are being Zex 

Optionally, to prevent dressing, aluminum in an amount of from about 0,004% to about 0 010% may be used In 
the alloy. While the use Of aluminum has been found sultabio to mainlain the desir^J calcium content In the cast positive 
grkJ. It should be appreciated that any otherojcygonscavengermay be used in piaceof alum 

However, any other oxygen scavenger employed, of course, should not advereely affeot to any signifleant extent the 
highly desirable corrosion resistance characteristics thai are achieved utilizing the present Invention 

As fs often employed with positive plates, the positive plates of this invention may be onvaloped with any desired 
separator. Care should be taken in such process since the grids made by the expanded technique and piataa do not 
include side bars, and the exposed mesh sides or edges thus present a potential problem as ragaitto punciurfno the 
separator if appropriate caro is not taken In the enveloping process. For this reason. It la preferred that the negative 
plates be enveloped. Susceptibility to separator puncture and tear and eventual oxidation of eeparator and aeparator 
failure fa much greater at the positive side. This can be greatly mrnimized by enveloping negative plates 

The method of the present invenikin should be capable of making up to about 400 plateeAninute or so while 
achieving significant Improved perfomiancc In many respects in comparison to What is achieved using Gravity cast 
grids. The paste weight, density and thickness are thus more readily contrDlled, as is the paste adhesion during posl- 
cunng so as to minimize checking cracks in the paste. This latter aspect enhances the tow and high rate dls^aroe 
performance as well as the expected sen^ico life. -^^ •«» oiho 

r i^iIH?® bcnm^ aro achieved whiie the thus-produced batteries also exhibit the outstanding resistance 

^mJfl ^JlTl'^ '^"^°J?'^ corrosion achieved by using gravity cast grkJs even though the directly cast strip 
utifeed to make the gride as by the expanded process show a characteristic grain boundaiy orientHifon resulting from 
me continuous sirip casting process llsolf. i«i i«»uuing irom 

This excellem positive grid corroston resistance possessed by the batteries made with the method of Ihlslnvontlon 
Is testimony to the unfqueness. in this respect, of the lead-based cateium-Un-siVer alloys described herein. However. 

f preferred, il is believed that this same level of performance could be obtained by subetituting. 

^t^l""' ^ ""^^^^ ^"'^'"^ "^'^ ^"^^^ functions as the alk^ying elements In the 

aiioys cescribed heroin. 

Thus, in ynow of fts similar properties and locmion In the Periodic -teblo mlatlva to ealdum. It should be possible 
to utiiee strontium (Sr) in such alloys «rt,iie providing functionally equiva/em rasuits. If Sris to be used to mate lead- 
eased Sr-Sn-Ag alloys, the amount en>ployed Should be between about 0.03-0.065% by weight of the altoyt white the 
TJ, IL"^' ^'""^"""^ herehbefore described. When both Sr sJL2Z^. Z 

amount o^ Should bo adjuslad so thai the resulting alloy impart, (o the rssuHing battery, whether gravily ca^l or 
^^ed meta^ grids are used. Ihe deelred high (empemure positive grid correeiSn restelance and oiheT^rTd 
t^^°^^- 12 "^T^ Tl'i^f^ *^ '"^ '^'^^ ■'"y «*«*"n'nod 10 a etBlghtforwaid fashion by utifeS 
VZ , .B^u "^^TZ° -''^'^ procedure described herein and comparing the result, to those aohiwed 

using the Icad^BscdCa-Sn-Ag alloys described herein. w inwe awweveo 

II ie preierred. when only strontium ie used, to utilize a level of from about 0.04-0.06%, based upon the weight of 
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tho directly cast grid In This preferred composHlon. the other alloying ingredients are preferably employed in the fol- 
!To7%to 0^1 ^^'^ "^^"^"^ "^^^ ""^'^^^^^ ' ^'^^ " ^-^^ ^^"^ alumvium 

The use ol atrontlum ie not preferred, however, for economic reasons, in addition to its re^ively higher cost, the 
adiiay to make The alloys i« more complicated because strontium Is not being used to any extent. If at ad. in the battery 
field as far as can be determined. In conTmsl, load-based Ca^n alloys are in wide use: and techntauda for making 
aJtoys of this general type are etraighiforward and well known. 

Further, as may be appreciated, the reeullfng gride made via gravity or made by expanded grid fabrication lech- 
nlQues using a direct cast eheGl. can be heat treated, if desired, to increase the ultimate tensile strength and associated 
stiffness for facilitating the pasting, atacklng and assembly operations. Heat treatment of the alloys of tho type described 
herein is well known, as are numerous suitable techniques. As an example, tor illusliatfve purposes, heat treating, 
after the strip has been cast and prior to subsequent processing, can be accompilahed by heating the cast strip at 
200--220*F for 150-180 minutes folkM/ed by cooling to room temperature. 

In accordance with yet another aspect of the present Invention, the alloys of this invontton are utilized to piovkja 
positive gride for sealed lead-ackJ celts and batteries. Ae to the alloy compoaitkan utilized for the pofittlve gridsi the tin- 
to-calcium contents shoukJ be such as to achieve stable precipitates that resuft in higher mechanical pioperties and a 
more corrosion-resistant matrix (e.g., SngCa) white essentiaily otiminaiing tho presence of positive grid coroston- 
enhanclng precipitators euch as PbgCa. Preferably, such benefits are achieved when the tin concentration Is at (east 
twelve times that of the calcium content. 
BO Additionally, and importantly, it has been found that creop-induced deformation in service for VRU^ cells must be 

minimized while satisfying the other criteria, "mis is paitjcutarly important for stattonary power appltcatione where ex- 
tended life performance is required. SImllarty, it has been found that the alloy composition must ba modified, depending 
upon the grid fabrication method of choico, 

Thus, for gravity cast grids where the grid configurations include edge or vertical frame bars (for example, as shown 
ss in FIG. 6). grids having the following compositions are suitable: 0.035 to 0.055% calcium, about 0.95 to 1.45% tin, 
about 0.018 to 0.090% silver, and the remainder lead. To prevent dressing, aluminum can be optionally Included. An 
Illustrative range is from about 0.008% to 0.026%. Tb the extent possible, the silver content should be minimized to 
reduce any effect on the oxygen overvoltage at the positive electrode. 

When using diroctly caet technEquee for VHl-A positive grids, the following compoaitkxis aro suitable: 0.030 to 
90 0.050% cakslum. about 0.85 to 1 .25% tin, about O.Oi 7 To 0.030% silver, and Ihe remainder lead. Optionally, aluminum 
may be included to prevent dressing: an aluminum range of about 0.004% To 0.01 o% should be suftabfe. 

While less preferred, rolled strip (wrought) expanded grids manufacturing techniques for VRU^ positive grids can 
use the following grid compositions; 0.025 to 0.050% cateium, about 0.95 to 1.45% tin, about 0.017 to 0.030% silver, 
and the remainder lead. Aluminum In an amount sufficient to prevent dressing can be included: a range of 0 004% to 
0.010% Is BuitablB. : 

In the most preferred alloy composition, the alloy Includes MIsch metal in an amount sufficient to enhance matrix 
grain refinement and uniformity of grain slnjclura, and uniformity in the precipltatton reaction, thereby turther enhancing 
the mechanical and corrosion resistance properties. Useful contents tor the Misch metal will bo in the lange of from 
about 0-003 to 0.012% by weight of the alloy Misch metai typically contains, by weight, about 50% cerium, 15to30% 
40 lanthanum and th e remainder being various rare earth elements. Most preferably, the amount of Misch metal Is adjusted 
so that the fabricated grid will have a cerium content in the range of about 0.002 to 0.010%. Th© MIeoh metal additions 
will be used wh en thecalcium-tin-ellver-ioad alloy strip is continuously cast for later grid expansion lo minimize tbrmaiion 
of oriented grains. 

The positive grid may t>o fabricated into the desired grid configuration by any of the many presently available 
<ff commercial techniques that are known. As may be appreciated, the alloy composWons should ba adjusted lo provide 
satisfactory processing with the particular fabricating technique employed. 

The particular configuration and the specific components which are utilized with the positive grids of the present 
Invention do not form a part Of this InvenTlon. Any of a wide variety ol configurations and componenta for Vl=U-A calls 
and batteries are known and may be used. 
» FIG. 8 shows an illustrative example of a positive plate in Ihe form of a grid supporting stnjcture. More specfficaihn 

the grid supporting structure 80 Includes a lug 82 and a frame 84. The frame 84 defining a boundary for the grid 
supporting structure 80. The grid includes a plurality of interconnecting eupporling membera 86 defining a pluiality of 
voids or pockets 68 for accepting aclive material paste. 

The positive plates can ba cured and pasted by known techniques. Conventional pastes, such as laady litharge 
and red lead oxide, may be used in formulating the paste, as may oiherconventtonal Ingredients. Positive pasta density 
can bo in any range suitable tor the particular application, as is known. 

Fl G. 7 illustrates a lead-acid cell in accordance with the present invention. The cay 90 has a container 92 oontalninQ 
a plurality c4 positive and negative plates, 94 and 9$, respectively. As illustrated, the cell contains plural positive and 
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neaatlve ptoi©«. or courao, the ccllcan uuiize the necessary numberofplatoft top 
performance charactortetlea desired for the paiiicular applfoatlon. 

The plates 04. 98 arc separated by absoilMnt eeparators 98. The separaiore comprlee an absorbent material mat 
More lypjcaily. the separator ueed for VRLA cells and balterias is a glass mat. although glass mat matorials incorporatlna 
polyelefin fibers or other polymeric fibers altematlvely may be used. Indeed, any separator ueef for seaied lead^id 
CGib may be employed. In the preferred embodiment. Ihe separator extends sOghtly past the electrode to prevent an 
inadverleni short circu It of the cell. In additfon, the separator may be folded around and between the plated by emoloyina 
a U-foW 1 00. as jflustraled in FIO. 7. r / v «3r«"B 

TTio plates 94. 96 preferably fit snugly within the container 92. that is, the electrodes and separators should eiay 
In the assembled condition when the container is (nverted. Indeed, as Is known, the cell conflguratlon should insure 
that the plates and separators maintain adequate compression and good contact so as to enhance the ciectricai per- 
formance of the cell. Preferably, as illustrated in RG. 7. the separators and ptates are compressed so as to be In 
intimate contaci wilh one anofher. The pfeies are connected to on another by oonduclrve straps 102 and to axtemal 
terminals 104, 106 by convenilonal means. 

The thickness ot the plates will vary depending upon the application to which the cell Is Iniendoa An illustration 
of a useful range is from about 0.050 inch to about 0.300 inch. It Is desired that the service life of the cell should be 
dictated by the thickness ot the positive plates, as opposed to factors such as electrolyte or water bss or other modes 
of failure. II positive plate corrosion dictates the service irfe of the ceH, the sen/ice life may be more readily predicted 
than for other modes of failure. 

Preferably, the container is normally sealed from the atmosphere In use to provide an efficienKocygBn reoombl- 
nalion cycle as Is known. The container shoukJ be able to withstand the pressure of the gases released during charging 
of the cell. Pressures Inside the container may reach levels as high as. for example, 0,5-10 psig. Releaee Venting is 
provided by a low pressure, sett-resealing relief valve, such ae. for example, a bunsen valve 108. An example of Such 
valve Is Illustrated in U.S. Patent 4,401.730. 

An electrolyte is also Included within the container 92. Preferably, the electrolyte is absorbed within the eeparator 
and the positive and negative active materiaf. The eleclrolyte typicaify is sulfuric acid having a specific gravity in the 
range of aboul 1.270 to about 1.340 or even more, as is considered appropriate for a panfcular application. 

A positive plate prepared in accordance with the present inventksn with alloys will provide teng cell life and high 
cell capacity. The mechanical and casting chamcleristjcs Of the alloys of the present invention allow grids to be satfa- 
factorlly made into the desired size. For example, the current conventtonal sizes ol positive plates are rated as 56 
ampere-hours (AH). 98 AH, lOB AH, and 108 AH. 

FIG. 8 illustrates schematically a battery In accordance with the present invention. The bsmery 110 comprises a 
plurality of lead-acfd cells, 112, 144 as heretofore described (two such cells are Illustrated in FIO. 8). The celte are 
electrically connected to one another In a series. While unnecessary. aJJ of the celfs may be contained within a container 
116, 

The following Examples are Illustrative, but not In llmllatton. of the present invention. Unless othenAnse indicated, 
the percentages set forth are based upon the total weight of Ihe altoy, ae added. 

EXAMPLE 1 



V — . This Example compares the life test performance of batteries made wilh gravity cast positive grids aooording to 

the present invention and compares with batteries having positive grids of high calcium oortent alksys. 

A series of BCI Oroup 26/70 batteries were built in a dual terminal configuration, ae disclosed in U.S. Patem 
4.645,725. Batteries wilh this configuration are commerciaily available. Two positive grid designs were used, and tha 
^ details are set forth in Table 1 ; 



Tablet 







73J 


56TS 


BO 


Positive grkj weight - gms 


66 


50 




Positive grid thickness - inches 


0.073 


0.056 




Posittve grid dimensions (hkW) In 


3.93x5.64 


4.25x5.64 




Positive grid area - In^ 


22.1 


24.0 




Horizontal internal wire cross section • in^ 


0.0025 


0.0017 




VertKal internal wire cross section • in* 


0.0018*0.0022 


0.0013-0.0016 




HorizontalArenical Intomal wlr« corroston diameter • In 


0.057/0.050 


0.050/0.040 
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.u 4^^ ^^ '^^!f ^^^^^ different alloys using convomlonal gravity casting methods. The cast arlds had 

Ihetollowing eompositiond: Ailoy i {0,029% calcium, o:49% tin. 0.032% silver and tha remainder lead). Alloy 2 (0.045% 
calcium. 0.48% tin, 0.031 silver and the remainder lead), and Commercial grid alloy (0.1% eatelum. 0.62% tin and the 
remainder lead). 

Banories using both positive grid designs and the three alloys were built with the sama plate courrt per cell (I e - 
6 positives and 6 negatives). Other lhan ttie difference in the positive grid alloy used, all of the batteries built with each 
of the two grid designs were identical. 

The batteries bull! with the thiciter grW design (i.e. - ihe 73J grid) used Iho const ruciionai parameters set fonh In 



yable 2; 



Table 2 



Number of plates per cell 


12 (6 positive, 6 negative) 


Positive plate enveloped with 0.027 inch thfcK Daramic separator 




Positive grid weight 


66.0 grams 


Positive paste weight - unformed 


83.1 grams 


(SIsgatlve grid weight 


32.5 grams 


AJtoy composition ol the expanded metal negalrve grids 


0.066% calcium. 0.5% tin, balance-load 


ISfeoatlve paste weight - unformed 


67,9 grama 



The batteriee built with the thinner grid design (l.o. - the 66TS design) used the constnjctlonal parametera set forth 
In Ikble 3: 



Table 3 



99 



Number of plates per call 


12 (6 positive. 6 negatrve) 


Positive plate enveloped with 0.093 Inch thick Oaiamic separator 




Positive grid weight 


49 grams 


Positive paste weight - unformed 


81.3 grams 


Negative grid weight 


32.6 grame 


Alloy compceitlon of the expanded metal negative grids 


0.065% calcium, 0.51 tin. balance lead 


1 Negative paste weight - unformed 


67.9 grams 



After completing the usual BCi initial performance tasting (|.e. - alternating Reserve Capacity and Cold Cranking 
Amps), the various balleries built were tested using Ihe industry^ccepled 5AE J240 life test. The temperatures used 
•« were 105T (Ih9 currant temperature specified In the SAE J240 tost) and 167*F. The principal failure mode at 167«F 
^ Is positive grid corrosion, and testing at this temperature Is considered to be a more reallstk; test of the elficacy of a 

positive grid alloy as regards corrosion resistance, lhan is tasting allOS'F In view of the under-thc-hood temperatuiv 
conditions now being experienced in automobiles. 

The results of the testing (based upon at (east two batteries in each combination) are set forth in Table 4: 



4S 



SO 



Table 4 





73J Positive Grids 


56S Positive Grids 


Grid Ailoy 


105'F 


167'F 


10B"F 


167«F 


Alloy 1 


7740-9030 


3300-4950 


6600 


2400-4500 


Alloy 2 


8200-9900 


3400-4200 


6600 


2400-4000 


Commercial grid alloy 


9000 


1500 


750O 


1075 



^ The variation in high temperature performance using the grid alloys of the present invention is considered to reflect 

minor problems in the manufacturing of the baneries built for testing (i.e. - siart-up problems such as bent plates and 
the like arising from leaming how to handle these grids in comparison to the strffer conventional grids), rather than 
reflecting any variation in perfomiance due to tho alloys used. Eliminating these minor manufacturing problems will 
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anow achieving the consisiently superior cycio life and field sen/ice by which batteries using the alloys of ihia Invention 
Should bo charactorizod. Regardless of the variation in performance In the baitoiy tested, the batteries made using 
the positive grid alloys of the present Invention provided subelantlaily better hfgh tempdraturo pofformancc than the 
performance provided by the commercially used positive grid alloy. 

* Indeed, the excellent high tempcraty re perfomfiance results using the poalth/e grid alloys of this Invention that are 

shown In the Example are considered to be indicative of ihe performance results that may be obtained using the alloys 
of the pnasont Irtvenlion. For example. Table 5 shows results obtained with BCI Group 34/78 banaries burn using a 
commeroiai positive grid alloy (I.e. - 0. 1 0% calcium. 0.66% tin and the remainder lead) In comparison to batteries built 
using Alloy 3, an alloy according to the present Invention (i.e. - the alloy composition of tho cast grid was 0 037% 

10 calcium, 0.45% tin. 0.032% sHver and the balance lead): 
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ThG data fn Table 5 supports ihe viaw that baneries mad© wilh posit(v& grids u^lnfl the alloy of Ihis invention have 
such supertor performance that similar performance can be obtained even whon fewer platee per ccJI are need and 
the tola? plate aroa is eubstantlally less. Satisfactory performance Is obtained even when the battery b discharged at 
tf^tf^^^^^y ^'^^^^ °^ ^^'y (v'^- " "^^^'^ a'"^st twice the J240 cycle fife was prwided 

T^^^'^Z at 875 amps, which was well over the 625 cold cranking amps rBtrng of the battery) 

Purser, the battarres of thte invention, using the unique positive grid alloys, will provide improved performance as 
the sen/tee llie of the battery contlnuos. even whon the Initial performance may be slightly lees than that of a convonttenaf 
battery (due to the use in the conventional banery of more and thinner plates per cell and more lotal plate area) More 
panicularry. batteries according to the present Invention experience substantially lees degradation In perfomiance over 
the useful service life of a battery in comparison to the performance degradation oxperienced by conventional baneries 
This fmproved perfonnance over the useful sendee life can be seen frc>m the data plotted in RC3. 3 Cun^es A and 
B show the calculated discharge current in amps to 7.2 amps at 167'F a* the conventional Group 34/78 dual terminal 
batteries described in confunclion with Table 5 (U.. using the oommcrclal positive grid alloy) were discharged roepec- 
t>vely. at 875 amps and 625 amps. Curves C and D show the eame calculated discharge currents for the Grolip 34/78 
battenos of the present invention also described fn conjunction with Table 6, discharged at 875 and B2S amps. 

A comparison of ounces A and C show that the degradation in the discharge eun*enl is much less severe for the 
battones of the present Invention even when discharged at a current (876 amps) well above the rated CCA capacity 
(625 amps) for the batte/ies of the present invention. A compa/fson of tnjivoe B and Q ehows that the baileries of this 
Invention exhibtt substantially shallower degradation than is the case with conventional batteries. Thle eubstantial Im- 
20 provement in perfo/mance by the batteries of this invention will be even more pronounced at lower temperatures. 

EXAMPLE 2 

This Example shows the use of the present invention to make positive plates from directly cast strips and expanded 
B9 grid mesh metal techniques and the resulting performance In SU load-actd batteries. 

A line similar to that shown in Fl G . 4 was used to make positive plates. The alloy compoeltibn used for the poettlve 
plates was as loUows; 0.028-0.036% Ca. 0.52% Sn. 0.036% Ag-Pb. Negative grids were used havfng the fotbwing 
composHion: 0.065-0.08% Ca. 0.5%Sn-Pb. 

A series of Group 34/78 baiierfes were made using 1 4^ type plates per cell. TVvo groups of batteries were made. 
30 one with a 0.029 non strip and the other with a 0.038 Inch sirip. In each grx>up, a subset was made In which a minor 
apparatus change was made (not considered as effecting Iho electrical performance). The electrical perlormanoe ol 
the batteries was tested and compared to thai of similar batteries (except using positive plates gravity east from an 
alloy oompositlon of 0.04% Ca, 0.63% 6n. 0.033 Ag). Table 6 sets forth the results. 
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A further series of baneiles was made In which positive grids we/e heal-troaied prior to being pasted The heat 
treating irtvotvod heating the east strip at 205*F for l6o minutes and thsn coofing to ambient temperature. This heat- 
treated cast strip was then run through the Comlnco rotary g/ld expander machine to make a "J" plato and pasted with 
positive paste. The flash-dried poGlttve plat ee were cured In a steam chamber at 200*F for 1 20 minutes and post cured 
at ambient tempeiatures tor 3 days before the batteries were assembled. The mean grW wetght for the positive grids 
, was 40 grams and 33 grams for the negative grids and the unformed active material paste density of the positive plates 
waa 3.92^.05 g/oc. Table 7 sets forth the results of the electrical perfbrmance of these batteries. 
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It has also beon found that positive grid corrosion chaxacieristics ara influenced by open eireutt wot stoiage at 
amblenl temperature conditiooe. The rat© «r positive grid corrosion l« about three tltiMS taster under open circuit voltage 
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conditions lhan under regulated voltage controlled charging. Alec, under typtcal automobile use, the batteiy 
qpen circuit up lo about 90% of the time. u.o «j,«wy 

Aaxjrdlnflfy, the positive grfd corrosion characterlsiics of the baHerlea under open cirourl stofag© conditlone has 
Impact upon the overall sen/ice We performance o1 a banery. The batteries ollho present invention exhibft 
resistance to poeilive grid corrosion in comparison to thai of convontibnai batteries under opon cIrcuH con- 
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Thus, the batlenaa of the present invention exhibit excellent resistance to poeftlve grid conx)Sion in comparison to 
01 convenitenal batteries under all important conditions where posltiva grid corrosion Is often the prime failure 
ft) TT1I3 excellent resistance to positive grid corrosion equates to bener service performance of the batteries of this 
^''^ as the service life of the battery continues due to the greater degradation experienced by conventional bal- 



i^oreover. this Improved performance of the baneries of this invention allows the battery manufacturer a Wide range 
Mign choicea, allowing the design ot excelleni eosi-efficient batteries for a particular application. As one dramatic 
oxamplQ. the battery of this invention described in conjunction with T^bte 5 utilizes about two poundd of lead less than 
donventlonal batteries described In relation to Tabie 5. A superior performing battery Is provided, and the reduced 
^drial costs translate to savings substantially larger than the profit margin often availabfe to battery manufacturars. 
Still further, the continuous method tor making positive plates using a directly oast strip and expanded grfde made 
using the Comlnco rota/y grid expander which forms one part of this invention offers enormous potential economic 
■•a. As well, certain performance enhancements are achieved as has been previously discussed, whilo not re- 
in ariy performance degradation in any other respects that is meaningful (e.g.. the use of continuously cast alloy 
and grids made by expanded metaJ techniques may result £n a penceptible. but slight, decrease in the cold cranking 
^ obtained relative lo that obtained with gravity cast grids: however, the slight decrees is not considered mean- 
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starting, lighting and ignition lead-acid battery which comprises a container divfdod into a plurality of cells, a 
b aitery element disposed In each of said cells, each banery element comprlslnB a plurality of electrodes and sep- 
^tors, and each cell being Qiactrlcally connected together, at least some of said etectrodsa comprising an slso- 
tijicaily conductive, d/recuy cast strip grid comprising a top frame bar having a plate lug, a bottom frame bar and 
g^id mesh connecting said top and bottom frame bars, said grid having no vertical frame bars, said grid being of 
an alloy composition consisting essenliaify of from about 0.030% to 0.050% calcium, about 0.65% to 1.25% tin. 
about 0.018% to 0.030% silver, and the remainder lead, the percentages being based upon the total weight of the 



The 



The 



The 



lead-aoid battery of claim 1 wherein said alloy composition Includes from about 0.004% lo 0.010% aluminum. 

lead-acid battery of claim 1 wherein said directly cast strip has a thickness of from about 0.02 to 0.06 Inch. 

lead-acid battery of claim 1 wherein sakl directly cast strip has a thickness of from about 0,02 to 0.04 Inch, 

sealed, lead^id cell comprising a container nonmaily sealed from the atmosphere in eenrteep at least one positive 
-♦-"^ and a negative piate disposed within said container, a separator disposed within said container and separating 
positive and negative plates, and an aleclrolyta substantially complstely absorbed In sard separator and said 
said positive plate comprising a gravity cast, grid^upporting stmcture having a layer of adfva material 
1 thereto, said grid supporting structure comprising a lead-based altoy consisting ossentlally of lead, from 
0.035% to about 0.055% calcium, (rom about 0.95% to about 1.45% tin. and from about 0.018% to about 
330% silver, the perceniagos being based upon the total weight of sakJ lead-based alloy. 



plate 
said 
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pasted 
about 



lead-acid cell of claim 6 wherein saki aik>y composltton includes aluminum In an amount of from about 0 008% 
about 0.025%. 



sealed, lead-acid eel/, oomprising a container nonnally sealed from the atmoephare in sen/Ice. at least one 
pc^itive plate and a negative plate disposed within saW container, a separator disposed within said container and 
separating said positive and negative plates, and an electrolyte substantially comptotsly absorbed in said separator 
ar^d plates, said positive plate comprising a directly cast strip, grkl-supporting structure, having a layer of active 
material pasted thereto, said grfd-supponing slnjcture comprising a lead-based alloy consistlhg essentially of lead. 
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I'lr^^nl^^^ ^'^^ »° ^""^ 1-25% iin. and fram at)oiit 0.017% to 

about 0.030% silver. Iho poroentagea baing based upon the total weight of eald lead-baeed alloy. 

^ IT^K^^fn saldallo/ composition includes aluminum in an amount oT from about 0004% 

to about 0. 0 1 0% by weight. 
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